INTRODUCTION
The positive effects of physical activity (PA) are well known and have been described in the scientific literature. However, both excessive and insufficient PA can negatively impact some aspects of physical fitness in the form of maladaptive effects. If these movement apparatus problems are not compensated for starting in young people (especially in the young sporting population), they can have a negative impact on the child's further development. Negative effects can also be observed in muscle strength differences between more and less preferred muscle groups. A different type of strength asymmetry between the dominant and non-dominant sides or left and right sides has often been studied (Fousekis et al., 2010) . The results of some studies indicated that longterm participation in soccer leads to the development of various degrees and modes of functional asymmetry (Fousekis et al.) . Limb preference in soccer may lead to strength asymmetries (SA), which may result in large changes in the myodynamic characteristics of the muscle, particularly in the dominant leg. Long-term asymmetrical loading was found to lead to differences in bone mineral composition and density between the dominant and nondominant arms of racquet players (Kannus et al., 1995) . Arm asymmetry was also observed in professional tennis players, with approximately 20 % more bone mineral content and muscle mass in the dominant arm (Calbet et al., 1998) . Xaverova et al. (2015) , found that a bilateral force deficit is more frequent in adult female handball players compared to junior players, which could be due to long-term unilateral orientation of handball-specific skills. Strength asymmetry across the body has been shown to be linked to increased prevalence of injury (McCall et al., 2014) and impaired performance in athletes (Young et al., 2002) .
Strength is an important component of specific physical fitness in soccer. Testing of lower limb strength is very important because muscle groups (quadriceps, hamstrings and calves) must generate and absorb high forces during acceleration, deceleration, jumping, kicking, turning, tackling, changes of direction and other movement activities during a soccer match. Because the game of soccer frequently involves one-sided activities such as kicking, tackling and passing, asymmetries in muscle strength between both legs are possible.
Long-term preferred and uncompensated loads on one side of the body may lead to asymmetry and dominance of one leg, which can be a result of pre-existing limb preference (footedness). Morgan & Oberlander (2001) suggested that approximately 75 % of injuries in soccer occur to the lower limbs. A high ratio of hamstring and quadriceps muscle strength is predictive of an increased risk for injury (Fousekis et al.) .
The purpose of this study was to identify the presence of strength asymmetries in young elite soccer players in relation to muscle group (knee extensors and flexors) and limb preference (dominant vs. non-dominant limb).
We hypothesized that there would be a significantly higher percentage of strength asymmetries in knee flexors than in knee extensors. We also assumed a higher percentage of strength asymmetries in the ipsilateral ratio (Hamstring to Quadriceps ratio) on the non-dominant limb than in the dominant one.
MATERIAL AND METHOD
Subject. Forty-one U16 national team soccer players (mean age 15.7±0.3 years, body height 177.9±6.6 cm and body weight 68.2±7.9 kg) participated in this study between 2011 and 2012. Testing was carried out within a season period at a national camp. Participants recruited were not injured or rehabilitating from an injury at the time of testing. The participants were informed about the measurement procedures and they signed an informed consent form.
Assessment of strength indicators. The muscular strength of the lower limbs was assessed using a Cybex Humac Norm isokinetic dynamometer (Cybex NORM ® , Humac, CA, USA). The device is hydraulically directed and fully computer controlled in the continuous passive movement, isometric, isotonic and isokinetic concentric and eccentric modes. We tested maximum peak voluntary muscle torque of knee extensors (PT E ) and flexors (PT F ) on both legs, and based on these values, we derived the ipsilateral ratio of muscle torque for both dominant and non-dominant legs (H:Q D and H:Q N , respectively) and the bilateral ratio between the exerted strength of knee extensors (Q:Q) and flexors (H:H). Strength parameters were obtained in the concentric contraction at angular velocities of 60, 120, 180, 240 and 300 °·s -1 . The maximum peak muscle torque of the knee extensors and flexors of the dominant and non-dominant legs during concentric contraction was measured at five angular velocities of movement (60, 120, 180 240 and 300 °·s . Before measurement, all tested subjects completed a short warm-up (dynamic half squats: 3 sets of 10 repetitions; forward lunges: 3 sets of 10 repetitions) and static stretching of the lower limb muscles (6 minutes) using an individual approach. The testing protocol consisted of three attempts at knee flexion and extension at the monitored velocities (from the lowest to the highest velocity). Before testing at each velocity, the participants completed four training trials at submaximal intensity. Visual feedback and verbal stimulation were given during the testing.
Statistical analysis. From methods of descriptive statistics, we used the mean as a measure of central tendency and standard deviation and standard error of the mean as measures of variability. Data are expressed as mean±standard deviation. For statistical analysis, we used the analysis of frequencies and the non-parametric χ 2 (chi square distribution) test. The rejection of the null hypothesis was assessed at the level of p≤.05. Statistical analysis was performed using IBM ® SPSS ® v21 (Statistical Package for Social Science, Inc., Chicago, IL, 2012).
RESULTS
The bilateral deficit in knee flexors was higher (9.02-12.61 %) than in knee extensors (6.32-7.15 %). The percentage of strength asymmetry in knee extensors (BD>10 %) was 19.5-31.7 % among all tested players depending on angular velocity. The bilateral deficit of knee extensors was higher at lower velocities (60, 120 °·s -1 ) in comparison with higher angular velocities (180-300 °·s -1 ). The bilateral deficit of knee flexors was higher at the lowest velocity (60 °·s -1 ) as well as at the highest velocity (300°· s -1
). The percentage of strength asymmetry in knee flexors (BD>10 %) was 36.6-51.2 % among all tested players depending on angular velocity. At the lowest velocity, where the players produced the highest peak torques, we found a significantly higher prevalence of strength asymmetry than in knee extensors (χ 2 = 4.11, p< .05) ( Table  I) . At other contraction velocities, the percentage proportion of strength asymmetry was higher in knee flexors; however, the prevalence of strength asymmetry in knee flexors did not significantly differ from that in knee extensors.
The ipsilateral ratio (H:Q ratio) was lowest at the lowest velocity regardless of limb dominance (Table II) . This ratio on the dominant limb achieved the values of 58.95-63.27 % depending on the movement velocity; values for the non-dominant limb amounted to 56.58-60.11 %. At each velocity, the percentage of strength asymmetry was higher for the non-dominant limb (12.2-24.4 %) than for the dominant one (4.9-14.6 %). Regardless of limb dominance, the highest prevalence of strength asymmetries was found at "tailed" velocities (60 and 300 °·s -1 ). Despite these differences, we did not find any significantly higher prevalence of strength asymmetry in the non-dominant limb compared to the dominant limb (χ 2 = .35-2.04, p> .05).
Individual assessments showed that in 30 players (73.2 %), at least one strength asymmetry was identified. Table I . Bilateral deficit of knee extensors (Q:Q) and flexors (H:H) and percentage proportion of strength asymmetry in the monitored players. The data are expressed as the mean (standard deviation).
Q-quadriceps, H-hamstring, SA-Strength asymmetry, χ 2 -chi square statistic, p-probability of rejection of null hypothesis Q-quadriceps, H-hamstring, SA-Strength asymmetry, χ 2 -chi square statistic, p-probability of rejection of null hypothesis. Table II . Ipsilateral deficit of the dominant and non-dominant legs (H:Q) and percentage proportion of strength asymmetries in the tested players. The data are expressed as the mean (standard deviation).
DISCUSSION
Strength is an important component of specific physical fitness in soccer. Testing of lower limb strength is important because muscle groups (quadriceps, hamstring, and calves) must generate and absorb high forces during acceleration, deceleration, jumping, kicking, turning, tackling, changes of direction and other movement activities during soccer matches.
Bilateral deficit. The results of our study revealed higher values of bilateral deficit in knee flexors compared to extensors at all monitored velocities based on their prevalence (Table I ). The average values of the bilateral deficit of knee extensors (6.53±4.89 %) and knee flexors (10.98±7.61 %). at the lowest velocity were not consistent with the results of the study of Carvalhais et al. (2013) , who reported in professional Brazilian players (n=164) a knee extensor strength asymmetry of 7.75 % and knee flexor asymmetry of 8.10 %. Maly et al. (2015a) reported a bilateral deficit in knee extensors of 7.24±4.21 % and 10.18±8.66 % in knee flexors in elite female soccer players. The percentage of strength asymmetry in knee extensors (BD>10 %) was 19.5-31.7 % among all tested players depending on angular velocity. The bilateral deficit of knee extensors was higher at lower velocities (60, 120 °·s -1 ) compared to higher angular velocities (180-300 °·s -1 ). The bilateral deficit of knee flexors was higher at the lowest velocity (60 °·s -1 ) as well as at the highest velocity (300 °·s -1 ). The highest values of strength asymmetry at the highest velocities were also published in other studies (Maly et al., 2015b) . Because hamstring injury is the most common injury in football and MALY, T.; ZAHALKA, F. & MALA, L. Unilateral and ipsilateral strength asymmetries in elite youth soccer players with respect to muscle group and limb dominance. most of the hamstring injuries occur to the biceps femoris, more attention should be paid to knee flexors (Ekstrand et al., 2012) . At the lowest velocity (60 °·s -1 ), more than 51 % of players have bilateral knee flexor strength deficits higher than 10 %. Moreover, at the lowest velocity, where the players produced the highest peak torques, we found a significantly higher prevalence of strength asymmetry than in knee extensors (χ 2 = 4.11, p< .05) ( Table I ). This finding does not correspond with the study of Daneshjoo et al. (2013) , who reported in youth elite players (n=36, age 18.9±1.4 years) an insignificant difference in the prevalence of bilateral deficit of knee extensors and flexors. Significant differences between the dominant and non-dominant limbs during concentric contraction at a velocity of 60 °·s -1 in adult elite athletes (Q:Q= 10.53±9.44 %, H:H= 10.30±5.69 %) were published by Jones & Bampouras (2010) . Rahnama et al. (2005) , suggested that up to 68 % of soccer players had muscle asymmetries in extensors or flexors between the extremities of higher than 10 % in at least one of the measurements of muscle strength. Muscle bilateral asymmetries were found in at least one measurement in 50 % of players at a velocity of 60 °·s -1 and in 75 % of players at a velocity of 300 °·s -1 (Maly et al., 2010) .
At the highest velocity (300 °·s -1 ), more than 41 % of the players have bilateral force deficits of knee flexors higher than 10 %. Daneshjoo et al., reported a higher percentage of bilateral force deficits of both knee flexors (58.3-72.2 %) and knee extensors (44.4-52.8 %).The observed asymmetry at higher angular velocities deserves increased attention because the key specific activities (shooting, jumping, sprinting, acceleration, deceleration of movement, changes of direction speed, long distance passing, etc.) are performed at high velocities.
Our results are similar to the study of Lehance et al. (2009) , who measured the muscle strength of elite and subelite soccer players (n=57) on an isokinetic dynamometer during the preparatory period and found out that up to 56 % of players are at risk for muscle strength asymmetry of the knee flexors or extensors. The authors reported a higher proportion of muscle strength asymmetry in young soccer players than in senior players. Knapik et al. (1991) , reported that athletes with muscle strength imbalances higher than 15 % at a bilateral comparison of extremities had a 2.6-times higher frequency of injuries when compared to athletes for whom this difference was lower than 15 %. In the training process, these strength characteristics should be detected and compensated for using an individual strength program. In our study, the percentage of strength asymmetry (BD>10 %) in knee extensors and flexors was lower than in older elite players (Daneshjoo et al.) . This result can be attributed to the fact that our players are, as members of the Czech national team, regularly monitored and the results of testing are sent to clubs in order to compensate for the observed strength asymmetries. Muscle imbalance higher than 10 % of deficit indicates a potential risk for players, predisposing them to possible muscle-related injuries such as strains and tendinitis (Davies et al., 2000) .
Ipsilateral asymmetries. Ipsilateral asymmetry (H:Q ratio) reflects the percentage proportion of peak torque of agonist and antagonist muscle groups of the same limb. H:Q is an indicator of the functional ability of muscle groups around the knee joint as a performance criterion. This ratio is difficult to generalize; however, some studies report its magnitude in the range of 50 to 80 % depending on knee angle and angular velocity (Zabka et al., 2011) . At lower velocities (60-180 °·s -1 ), the agonist/antagonist ratio should be approximately 60 %. Hoffman et al. (1992) , reported that 6:10 is a normal H:Q ratio. In our study, the ipsilateral ratio (H:Q ratio) was lowest at the lowest velocity regardless of limb dominance. This ratio on the dominant limb achieved values of 58.95-63.27 % depending on the movement velocity; values for the nondominant limb amounted to 56.58-60.11 %. These results are consistent with the study of Gür et al. (1999) , who reported in elite players H:Q ratio values of 56-63 % for the dominant leg and 55-61 % for the non-dominant leg. Compared to Daneshjoo et al., findings, our players generated higher values of H:Q ratio at the velocity of 60 °·s -1 (for both dominant and non-dominant legs) and lower values at the velocity of 300°· s -1
. Similarly, at the lowest velocity (60 °·s -1 ), our players produced comparable values with professional adult players and lower values (~9 %) at the velocity of 300 °·s -1 (Fousekis et al.) . A higher H:Q ratio at 300 °·s -1 was also reported in other studies (Lehance et al.; Maly et al., 2010) . Based on the aforementioned studies, it is possible to increase the H:Q ratio for the dominant and non-dominant legs using specific interventions, especially at higher movement velocities.
At each velocity, the percentage of strength asymmetry was higher for the non-dominant limb (12.2-24.4 %) than the dominant one (4.9-14.6 %). Regardless of limb dominance, the highest percentage of strength asymmetries was found at "tailed" velocities (60 and 300 °·s -1 ). Despite the mentioned differences, we did not find any significantly higher prevalence of strength asymmetry on the non-dominant limb than on the dominant limb (χ 2 = .35-2.04, p> .05). A higher H:Q ratio in favour of the dominant limb may be due to the more frequent use of that leg for kicking, when the knee flexors have to decelerate the lower leg during kicking and passing a ball, which causes better adaptation of the particular muscle groups. Sixteen players (61 %) had at least at one of the tested angular velocities, ipsilateral ratio (H:Q) lower than 50 %. Values below 50 % indicate a severe level of muscular imbalance (Zabka et al.) . These data reflect a discrepancy between the muscle strength of knee extensors and flexors. When the extensors exert substantially larger forces than the flexors, excessive anterior translation of the tibia on the femur may occur during dynamic activities, and the anterior cruciate ligament (ACL) will experience higher-than-normal shear forces, mainly in the final knee extension angles and during intense quadriceps contractions (Magalhães et al., 2004) . If the flexors are too weak to counteract this force, the ACL may be injured (Cheung et al., 2012) .
There are some limitations of our study. First, our data are representative of only one age category (U16) and the top sport level (members of the national team). Second, the ipsilateral H:Q ratio was obtained from concentric contraction (conventional ratio). The Eccentric hamstring to concentric quadriceps (functional ratio) may be a better method of simulating the co-activation pattern developed in the leg deceleration phase during the final stage of knee extension.
In conclusion, our study found that more than 73.2 % of players have at least one strength asymmetry. More attention should be paid to knee flexors where we found strength asymmetry in 51.2 % of the tested players at the lowest velocity and in 41.5 % at the highest velocity. The non-dominant limb also deserves increased attention because its ipsilateral ratio was lower at each velocity compared to the dominant limb and strength asymmetries also achieved a higher percentage proportion. Maladaptive effects of body strength asymmetries represent a potential risk of injury; therefore, the observed asymmetries should be systematically monitored and compensated for using specific exercises. Further research should focus on the changes in strength asymmetries under fatigue (after specific physical load), their monitoring during the season (seasonal variability), from the perspective of field position, the efficiency of their compensation and, in particular, their early diagnostics, detection and identification of their causes (analysis of the training load structure and extracurricular unilateral physical activities, e.g., skateboard, snowboard, scooter).
Precise determination and quantification of muscle strength imbalances is essential for determining the fundamental level of organized and intentionally controlled training and for early compensation for the observed imbalances to protect against potential injury. In terms of practice, the results may be beneficial for fitness coaches, physiotherapists, doctors and other clinical staff in professional soccer.
